Abstract: In this study we describe how the river morphology of seven High Tatras streams has been influenced in different ways by a severe windstorm that occurred in November 2004. A control site situated in an undisturbed area is compared with six sites in windstorm damaged areas. In 2009-2010 River Habitat Survey (RHS) was used to assess the character of 500 m lengths of stream and to derive associated morphological indices (HQA, HMS sensu Raven 1998, RHS indices sensu Vaughan 2010). Large amounts of large woody debris in the channel influenced the streams despite most of it having been removed after the windstorm. Streams situated in deforested valley slopes were probably more affected by erosion; they had higher amounts of transported inorganic matter and also depositional bar features. Some changes in land-use had occurred with streams situated on the south-east side of the High Tatras having a more uniform banktop vegetation structure than the other streams. Distinct secondary succession of bank top vegetation was observed along windstorm influenced streams. The highest percentage of shrubs occurred where impacted streams remained untouched. Morphologically, the streams most affected by windstorm are those situated in deforested steep valley slopes that are affected by erosion and siltation.
Introduction
On November 19, 2004 a strong windstorm flattened 12,000 hectares of forest along the south facing slopes of the High Tatra Mts. The extreme intensity may have been influenced by global climate change (Koreň 2005) , as a result of more available energy for atmospheric circulation processes and more frequent strong windstorms (Dreventon et al. 1998) . Sudden widespread deforestation can severely affect in-stream physical structure and the habitats of aquatic organisms through increased sedimentation and loss of terrestrially-derived organic matter (Chapman & Chapman 2003; Niyogi et al. 2007) . Mountain ecosystems, which are known for occurrence of highly specialised and endemic species, are the most vulnerable to global climate change (Brown et al. 2007 ). The windstorm of 2004 offered several opportunities for ecological research (Fleischer & Homolová 2011) . Also, in July 2005, one of the most impacted windthrown spruce forest stands in the High Tatra Mountains was damaged by wildfire.
The changed character of the High Tatras streams has been the topic of various scientific studies. The river morphology of some Tatras streams was evaluated by Lehotský & Grešková (2007) , who dealt with morphological response of the high gradient river to the November 2004 windstorm in Tatras streams. The article offers methodological procedure and assessment of the destabilisation of the river channel morphology under the effects of the windstorm. Raven et al. (2011) characterised the habitats and aquatic macrophyte flora of near-natural streams in the High Tatra Mountains and used the results for benchmarking purposes as a part of studies related to the EU Water Framework Directive.
The main objective of our study was to characterize the habitat features of six streams impacted by windstorm and one near-natural stream in the High Tatra Mountains. Specific objectives were to: (1) assess the hydromorphological habitat character of selected streams using River Habitat Survey (RHS); and (2) prepare data for the evaluation of morphological changes on aquatic biota of the affected streams.
Material and methods

Study area
The Tatra National Park (TANAP) was designated as, Slovakia's first national park in 1949. It is dedicated to conserving the unique alpine and subalpine ecosystems found in these mountains, which are the tallest peaks in Europe between the Alps and the Caucasus (http://tanap. region.sk/). Grazing, logging and other kinds of land-use have been prohibited since 1949 (Kopáček et al. 1995) . Since then, the landscape character in the surrouding of the streams has changed too. After 1949 river valleys were planted with coniferous trees, mainly Norway spruce (http://www.expeeronline.eu/). Spruce is susceptible to strong wind, so many trees were damaged by the 488 E. Bulánková et al. windstorm in November 2004, which completely or severely damaged several parts of the forest. Many streams lost their riparian vegetation, whilst the windstorm caused trees and large woody debris to fall into the channels.
Our study in the High Tatra Mts studied seven streams (Fig. 1) . The sites ranged from 1001 to 1253 m altitude. The bedrock consists mainly of granitoid rocks with sporadic areas of schist (Vološčuk 1994) . The control site (1) is located in a forested area unaffected by windstorm, whereas other six were in affected areas. Although wood was extracted from affected streams with exception of the Biely Váh (site 3), a considerable volume of large woody debris still remains in channels (see Appendix, Figs 1-7).
Description of study sites
The main attributes of the study sites appear in Table 1 and brief descriptions appear, together with photographs in Appendix.
Assessment of river morphology
The physical character (river morphology) of the study sites was assessed using the the River Habitat Survey method (RHS; Raven et al. 1998) . RHS is a method developed in the UK to characterise and assess, in broad simple terms, the physical character of freshwater streams and small rivers and is carried out along a 500 m survey length. Observations on channel features and modifications are made at 10 equally spaced spot-checks, together with an overall "sweepup" summary for the whole site. Other information such as valley form and land-use in the river corridor is also collected. Assessment of habitat quality and extent of channel modification can be derived from RHS data and these indices can be used as a basis for setting physical quality objectives for rivers (Walker et al., 2002) . Habitat Quality Assessment (HQA) is a simple index that provides a broad indication of overall habitat diversity represented by natural features in the channel and river corridor. Points are scored for the presence of features such as point, side and midchannel bars, eroding cliffs, large woody debris, waterfalls, backwaters and floodplain wetlands. Additional points reflect the variety of channel substrata, flow-types, in-channel vegetation, and also the distribution of bank-side trees and the extent of near natural land-use adjacent to the river. Points are added together to provide the HQA score. Habitat Modification Score (HMS) is an indication of artificial modification to the river channel structure and flow. To calculate the HMS for a site, points are allocated for the presence and extent of artificial features such as culverts and weirs and also modifications caused by the re-profiling and reinforcement of banks. Greater and more severe modifications result in a higher score . Calculation of HQA and HMS scores was based on the 2003 version (Raven et al. 1998 ) and the RHS habitat indices according to Vaughan (2010) . These RHS habitat indices summarise nearly half of the variables used by RHS and provide a quantitative overall summary of river reaches (Vaughan 2010) .
Data analyses
To assess the amount of transported organic matter (TOM), samples of 2.0-2.5 litres were taken from the stream flow. Water in the laboratory was filtered through a glass microfibre filter (Whatman GF/C). TOM biomass was recalculated as Ash Free Dry Matter (AFDM), transported inorganic matter (TAM) was determined with ash as rest after combustion (550 • C, 3.5 hour). Particulate organic matter (CPOM and FPOM) was collected by inserting a sharply pointed tube (area 0.006 m 2 ) 10-15 cm into the substratum. The coarse material (stones etc.) inside the cylindrical bottom sampler was picked out, then the substratum on the bottom was mixed using a stick and, from a measured column of water, a subsample of 0.5 litre was taken. This procedure was repeated several times on the mesolithal and finer substrate (microlithal, akal, psammal) (Krno et al. 2006) . Particulate organic matter was separated by passing the samples through a nested series of sieves (1 mm, 50 µm) and the finest fraction filtered through glass microfibre filter (Whatman GF/C).
Physiographic data were compared using the Manhattan index of similarity, which expresses the sum of differences in each variable. It was used for comparing sites based on channel slope, distance from source, height of source and degree of incline and vertical distance from source to sampling site. Correlation was evaluated according to the Spearman correlation test in Statistica software, version 7, P ≤ 0.5. Detrended Component Analysis (DCA) and Principal Components Analysis (PCA) were performed using the software Canoco (ter Braak & Šmilauer 2002) . The analyses were run in CANOCO 4.5.
Results
Context analysis was based on multivariate analysis plots to find out if the study sites were of a similar stream character (sensu Raven et al. 2011) . Channel slope, distance from source, height of source and site altitude were used for Detrended Components Analysis. This showed that all selected sites were of similar nature and so we can compare them directly using RHS information. High similarity was observed between site 1 and 6 (260.59) and site 1 and 7 (260.3). The highest dissimilarity was between site 1 and site 2 (Table 2) .
We compared physical attributes of the channel and land-use using Principal Component analyses. First we analyzed physical attributes recorded at the 10 spotchecks in each of the 7 surveyed sites (Fig. 2) . The first and second axes (PC 1 and 2) accounted for 77.4% of the total variance of the data. Bank features (Fig. 2) were similar in control site 1 and affected site 3 -the banks were bouldery. The control site was characterised by vegetated rocks because of boulders protruding from the water have accumulated fine sediments in crevices which allowed higher plant vegetation to become established (Appendix, Fig. 1B ). The control site was dominated by "chute" flow associated with many small cascades. The second, least disturbed stream, the Poprad (site 2, Appendix, Fig. 2 ) was characterised by cobble banks and stream-bed and "broken wave" flow. Some parts of sites 2 and 5 had reinforced banks. The most similar bank and channel features to site 2 and 5 had site 4 (Appendix, Fig. 4 ) with gravel-sand banks and plentiful mosses. The banks of site 6 (Appendix, Fig. 6 ) were composed mostly of earth and similar to site 7 (Appendix, Figs 7A, B) . However, the valley sides of site 6 were steeper (left side, Appendix, Fig. 6 ) and the banks more vulnerable to erosion. Evidence for deposition of eroded material was the presence of two unvegetated mid-channel bars (MB) at site 6 (Appendix, Explanations: * negative correlation, ** positive correlation at P ≤ 0.05. Fig. 7 ) was characterised by exposed boulders protruding above the water. For bank vegetation structure and land-use we used information for the whole 500 m. The first two PCA axes explained 56.2% of the total variance of the data (Fig. 3) . Sites were grouped according to extended features as follows: control site 1 had similar riparian vegetation to site 2, characterized by semi-continuous and continuous trees on both banks. There was plenty of overhanging branches and underwater tree roots. Site 3 was characterised by vertical banks and no trees; no riparian trees were recorded at site 6 too. Isolated trees and steep banks characterised site 4; there were a lot of exposed boulders in the channel and vegetated and unvegetated mid-channel bars occurred too. Steep banks with occasional clumps of trees on both sides dominated site 5. There were fallen trees in the channel despite wood having been removed from the streams. Gentlysloping treeless banks characterised site 7.
Deforestation caused increased transport of inorganic (TAM) and organic matter (TOM) in most noncontrol streams with asymmetrical valleys (Table 3) . The highest amount of TAM was recorded at site 5 in May 2010 after heavy rain. On the contrary, no TAM values were recorded at disturbed site 7 situated in a shallow vee valley. Land-use within 5 m and 50 m of the banktop is shown in Figs 4A and B. The streams situated at southeast side (sites 5, 6 and 7, Fig. 1 ) had the most uniform banktop vegetation structure which was mainly tall herbs and shrubs.
More detailed information about habitat diversity and modifications expressed by HQA, HMS scores and RHS indices is shown in Table 4 . The highest HQA score was reflected by the more diverse habitat of the control stream (site 1) and the lowest score by the ones of the most windstorm affected streams (sites 6 and 7). There was a negative correlation (-0.815) between Table 4 . HQA sub-scores, total scores and * = RHS indices according to Vaughan (2010 F l o wt y p e s 8 7 8 9 9 9 7 C h a n n e ls u b s t r a t a 7 5 5 7 5 7 7 C h a n n e lf e a t u r e s 3 0 5 4 4 5 3 I n -s t r e a mv e g e t a t i o n 2 2 3 2 4 2 2 T o t a lc h a n n e ls c o r e 2 0 1 4 2 1 2 2 2 2 2 3 1 9 B a n kf e a t u r e s Discussion RHS data can be used for habitat quality appraisal and for establishing inventories of river habitat features (Raven et al. 2000) , management planning (Walker et al. 2002) and for providing wider context of river character in a range of ecological research applications (Hastie et al. 2003 , Vaughan et al. 2007 ). These investigations can make use of available water chemistry and hydrological data, plus survey results of benthic macroinvertebrates, aquatic macrophytes, fish and breeding water birds where biological sampling has been done in or near RHS sites (Vaughan et al. 2007 ). We used RHS data for assessing the overall character of streams influenced by windstorm. PCA allowed comparison of similar river sites, based on map data . Although the DCA confirmed broadly similar physical conditions, the RHS data distinguished the different character of streams affected by windstorm. This was confirmed by PCA analysis of banks, channel and land-use. The most windstormimpacted streams (sites 5, 6, 7) had a lack of riparian vegetation and uniform banktop vegetation structure composed mostly of tall herbs. The channel itself is morphologically not so strong influenced, but we observed some differences in windstorm affected streams. It appears that streams situated in asymmetrical valleys were more influenced by erosion and this was reflected in higher values of transported inorganic material (TAM). In contrast, we recorded no TAM at site 7, which is situated in a shallow vee valley.
The relationship between valley and stream is very important and Hynes (1975) states that in every re-spect the valley rules the stream. Its rock determines the availability of ions, its soil, its clay, even its slope. The soil and climate determine the vegetation and the vegetation rules the organic mater. These relationships are of great importance in the High Tatras streams too. Valley form influences the retention of nutrients. Lamberti et al. (1989) found out that retention of leaves and nutrients was 2-4 times higher in unconstrained reaches than in constrained reaches, in both old-growth and second-growth riparian zones. Retention was enhanced by increased geomorphic complexity of channels, diversity of riparian vegetation, presence of woody debris and heterogeneity in stream hydraulics, sediments and lateral habitats. This is in agreement with our results, because the sites with the highest channel HQA values (at sites 3, 4 and especially 5 and 6) were characterised by presence of TAM, too.
Habitat Quality Assessment (HQA) is a broad indication of overall habitat diversity provided by natural features in the channel and river corridor (Raven et al. 2011 ). In the High Tatra mountains the habitat character of several high altitude streams using RHS has already been carried out (Raven et al. 2011) and several streams had similar total HQA scores of other near-natural sites elsewhere in Europe. However, Cortes et al. (2008) rightly state that HQA and HMS scores alone cannot be used to separate reference sites from disturbed ones, such as windstorm affected streams in the High Tatras. Indeed, although the final HQA values may appear to discriminate between these two groups, detailed analysis of the sub-indices revealed that only RHS index tree cover and RHS index bank vegetation ) are sensitive to human impacts, meaning that remaining RHS variables are not relevant for this purpose. The bank vegetation index had the highest values at sites 7 and 2 with high dominance of uniform and simple bank-face and banktop vegetation structure. On the contrary, the highest value of tree cover index was recorded at the control site with unaffected riparian vegetation and the lowest values at sites without trees at the banktop (sites 6 and 7). Two other RHS indices -"Un-vegetated" and "Vegetated bars" reflect sediment transport and deposition, in the form of stability of the deposits (Vaughan 2010) ; our results confirmed high values of benthic particulate organic matter and transported inorganic and organic matter at site 5 and 6. Long-term sedimentation, supported by presence of dead wood can lead to the formation of vegetated mid-channel bars and features such as these contribute to HQA scores (Raven et al. 2005) . RHS indices cover several major habitat trends, such that when used together a relatively detailed picture of a site can be constructed (Vaughan 2010) .
The destabilization of the river channel morphology caused by the effects of windblow in the High Tatras is described by Lehotský & Grešková (2007) . They dealt with morphological response of high gradient stream to the windstorm and stated that it is necessary to indentify river-bed and bank destabilization indicators and also the effect of large woody debris on the river channel stability and morphology. We suppose that the most important destabilizing effect was erosion of steep deforested slopes which are the source of transported inorganic and organic matter and silt. Wu et al. (1979) studied tree root contribution to slope stability in south-eastern Alaska and found out that loss of root strength following clear-cutting can seriously affect slope stability. Similarly, Ziemer (1981 Ziemer ( , 1992 found out that after logging, there was great spatial and temporal variability in sediment transport. Sediment loads increased dramatically from some pipes during some storms, but from other pipes, sediment discharge remained unchanged after logging. In the High Tatras storms are frequent and there was particularly heavy rainfall in May 2010. We suppose that this is a reason of great amount of sediments at some deforested streams in the High Tatras. Transported inorganic and organic material from slopes influences not only the streambed, but also the whole abiotic and biotic state of streams (Chapman & Chapman 2003; Niyogi et al. 2007 ). Steep concave landforms are most susceptible to disturbance by small-scale landslides (Swanson et al. 1988) . Lehotský & Grešková (2007) consider erosion as one of the most important field indicators together with destabilization of bottom sediments and their accumulation downstream. Such field indicators are most marked at the stream characterized by eroding banks and accumulation of sediments (site 6). Erosion and sediment deposits causes slowing-down of current (Gage et al. 2004) , which was observed at this site dominated by smooth flow.
Large woody debris is considered by most authors to have a positive effect on streams (e.g., Fetherston et al. 1995; Hoffmann & Hering 2000; Gerhard & Reich 2000; Gurnell et al. 2002; Cordova et al. 2007 ), but if it forms obstructions across the whole channel it could be a source of flooding problems (Lehotský & Grešková 2007) .
The influence of windstorm is thus a combination of negative and positive effects. In the High Tatras the influence of windstorm on streams is through changes in sedimentation and also riparian vegetation. There is a rapid succession in riparian vegetation and land-use of affected streams. We suppose that change in landuse is only temporary and more negative impacts on the aquatic biota result from erosion in steep deforested slopes in asymmetrical valleys, whereas streams situated in shallow vee valley are not so strong affected (Kalaninová et al. 2013) .
The relationships between a stream and its valley are very complex and important to understand because morphological features and processes influence the distribution of organisms (Swanson et al. 1988) . The RHS method and associated scores and indices characterize the main habitat features for semi-aquatic and aquatic biota and can help to provide a broad understanding of the processes taking place in streams. Raven et al. (1998) proposed that RHS could be useful in a variety of management applications such as catchment management plans, environmental impact assessment, stream rehabilitation plans and wildlife conservation. Together with specialised monitoring of biota and historical documentation of land-use change, RHS can provide a more holistic approach to assessing the health of stream ecosystems and detecting trends in environmental influences.
Site 2 -The Poprad. The catchment area of the largest stream the Poprad is 2081 km 2 and stream length 107 km in Slovakia. The catchment area from source to the sampling site is 21.5 km 2 (most of which was not affected by windfall, only 1.3% of the catchment area above our study site was disturbed by windstorm). Riparian trees were composed mostly of spruce.
Site 3 -The Biely Váh. The Biely Váh has catchment area from source to the sampling site 6.1 km 2 . This site belongs to the disturbed category, windstorm damaged 6.9% of the catchment. At 690 m altitude the Biely Váh joins the Čierny Váh and these streams start together the longest stream of Slovakia the Váh River. Site 6 -The Hromadná voda The Hromadná voda is the smallest brook of our study, only 3.3 km long. It is the right-side tributary of the Velický potok. The upstream catchment area is 4.9 km 2 and this site area was one of the most windstorm affected area.
